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Competitive swimming is about covering a given distance in the shortest period of time -and 27 is determined by the swimmer who is able to maintain the greatest power output for a given 28 distance in an efficient and skillful manner to overcome the resistance of the water (18, 19) .
29
Two primary factors in determining swimming performance (15, 19, 34) , particularly over A loss of strength, co-ordination or range of motion within the kinetic chain can cause a 46 swimmer to fall short of their potential performance (24, 27, 28) and the deficits in muscle or joint flexibility, muscular stability and muscular control that occur can lead to decreased 48 efficiency and an increased chance of injury (5, 26) . The most common anatomical regions In competitive swimming, an effective start off the blocks is an important component (6, 7) 62 contributing up to 26% (8, 30) of total race time in sprint distances and is the stage where 63 velocity is greatest (2, 7). To produce a fast entry, the important requirements are a high 64 take-off velocity and a streamlined position underwater to maximize and maintain velocity 65 for as long as possible (7, 11) . In Paralympic swimmers it appears the underwater phase is a 66 critical phase with those swimmers with a greater severity of physical disability or having a 67 disability that affects their lower body (e.g. cerebral palsy or leg amputees) disadvantaged in Therefore, the primary aim of this study was to evaluate the effectiveness of a dry-land 91 program that focuses on improving measures of power and strength in Paralympic swimmers.
92
A secondary aim was to determine whether these improvements transfer to swimming 93 performance in Paralympic swimmers. This study tested the hypothesis that a dry-land 94 strength training program would led to improvements in swim-starts and faster sprint 95 performance, greater than the typical yearly improvements reported in Paralympic swimming 96 of ~0.5% (12), and within the improvement range of 1.3% and 4.4% of existing studies of the 97 effect of dry-land strength programs on sprint performances in able-bodied swimmers (9, 32). 
Subjects

117
In this study, seven (1 male and 6 females) elite Paralympic swimmers (age 19.4 ± 6.5 y; 118 body mass 57 ± 12 kg; height 1.66 ± 0.21 m; mean ± SD) participated in this study. All 119 subjects competed at the 2012 Paralympic Games in the following classes S14 (intellectual 120 17 y), S13 (visually impaired, 20 y), S10 (cerebral palsy, 16 y), S9 (leg amputee, 20 y), S8
121
(cerebral palsy, 13 y), and S6 (cerebral palsy, 17 y and small statured, 33 y). Written 
230
The changes in dive start performance over the 6-week period are presented in Table 1 .
231
Swimmers substantially improved their ability to accelerate and produce more power in their No clear changes were seen on the swim-bench ergometer after the 6-week intervention in 240 either power (-0.6, ±3.7 W; mean, ±90% confidence limits) or force measures (Table 2) .
241
Correlations for measures of mean power generated on the swim-bench ergometer and swim 242 velocity over 25-m and 50-m were also unclear. In contrast, there were large increases in 243 power for both the squat jump (139%, ±97%; difference, ±90% confidence limits) and the 244 counter movement (188%, ±181%) jump, and a moderate increase in the mean concentric 245 peak velocity of the squat jump (11%, ±11%). This is the first study to quantify the effects of a dry-land intervention program on swimming 268 performance in Paralympic swimmers. The aim was to evaluate the effectiveness of a dry-269 land program and to determine whether improvements transferred to swimming performance.
270
Over the 6-week period, intensity and volume of the dry-land strength program was 271 systematically varied to improve dive starts, posture, and swimming performance. Swimming Australia Ltd, and the University of the Sunshine Coast. 
